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The effect of the eheniicid nilure ofUicibmi on malm desmhtiun ami dnig release behavior ofdeKradabie i»lyn»en waj 
studied, luins lidocaine as a nodd dn« in btw and aah ktm. We show in this study ihw the drug in the base fonn hai i 
fubitaniial effect on leleaic cfaanctediiia. iliroi«h m acccleimimi efTect on matrix ttepidation. Study ordniB teleisc ftom 
PdlLCA shows (hat lidocaine salt fbUows a ihiee^se leleaae paitein. in contmsi to the bipbasic teietie of die iidobase 
However, PtLA shows ■ diirerait drog release pattern, with only a singls diflusion phase exhibited Ibr both lUvbaae and 
ltdosalt We also deiiwnslrate that the crystaniniiy ufmaim playt an impoitant nila on drag iricsse preliles: a eiystaUine matria 
^ S?*" ""P™* * «««I*«w cojawman »f limihir moleculBr weight 

{mji lV-2.4). The details of the study ofdilTetenl (acton influeiiehiis Ehe dnia release may have iinpwtani inwlieatiwiB for 
the MMrol orddiveiy of poteot tegs in various [hcnveulic wIuIdim. 
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1. Introduction 

Drug delivery devices using biodegradable poly- 
mom use mostly diffusion for drug lelene. Drugs hev» 
been fornaulated in two basic designi: teservoin and 
raatricES [1-4]. Poly(lactide-co^ycoIide) (PLGA) is 
«nong the few syntiietic polymna aj^noved for 
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human clinical trials. For acidic iJrugs, one can expect 
faster hydrolysis of ester bonds because of acid 
catalysis. In voninisi, conflicting mulls have been 
repotted as to how the properties of the basic drugs 
contained in Ihe matrix afTecl Iheir own release. Drug 
relcsse can be acccleratod: twic drugs catalyze the 
iiBitri.t degradation and to the process accelerate their 
own me of rderae due to a bulk etosion of the matiix 
[SJ, or drug release can be suppnased. Baste dregs can 
ueuualiw the pdymer termitial carboxyi toridues, so 
ihtu the eutocatalytic dToct of acidic chain ends on 
potymerdegmdatiofl is mininjised, thereby reniiting in 
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a less-hy^ted tmtnx aiui consequent dimtnished rate 
of tl» dnig diffiisiun [6-^]. 

The efTeds of ciymUmity [8.9] and composition 
[5,6,]0] dTOk po^mer on the mmrix degradation ami 
drug release pattern have also been reported. In the 
case of erysliilUnity, ihere an» confliciing lepom about 
its effect: sonw report an increase in rate [9,11,12], 
while otitraa npotl a rate reduction [13]. 

In summary, (he literature rsflects contradictions 
about the effecta of the chemical nahine of the drag 
and of matrix ciystallinity; in aikiition, coti^arison 
has not been made at oonaparable A/y and copolymer 
composition. We aieempt in this study to leport on 
aome of Uw above aqiecu. and tiy to ivcoacile some 
of the fepofted coatndimionR. 

Lidocaiiw (a }^ biocker and dass IB anUar- 
iliythtnic) was selected as a mode) dmg. Botli the 
base and salt- 0idocaine-hydrocfaluri(te) fonns ware 
uied lo study the effect of base and salt Conns on 
the matrix degndation as well as water absoiption. 
In vitro sbidiet were cmied out Ibr drog release as 
well as matrix degradation, using btiiFer of pH 7.4 
as the release medium. Tlie i^ystema have been 
ebanctetized mt& napect to weight toss, water 
uptake, nwiphiologiail changes, ehanie of awiiM^ 
molecular weight (M'w), in order lo explain the 
ktnetin of dn« lefeBse and die potsible pathways of 
ntautx degiBdation. 



2. Mgterlali aiiii meibodi 

2,1. Materials 

The dnigs. lidocatne (ChK^MiO, hencefotita 
lefeired to as lidobase) ami iidocaine hydrochloiide 
(ChHsiNjO HA HCl; henceforth referred to as 
lidosalt) were purchased from Sigina-Aldrich Pie. 
Singapore. Polylactides and the polyglycoUdes were 
purchased imm Purac Far Eat Pte., Stngapoie. 
Table 1 summarizes deiaili of the polyams used in 
this study. Molecular weights iMw) for alt die 
polymers b the granule and film form were 
determined prior to immersion, using Size Exclu- 
sion ChtomatognEpby (SEC). The numbers follow- 
ing the description of copolymers rcpresem the 
molar t«io of monomets. "nius, POLLGA 53*'47 is 
a nutdom copolymer of 53% jy and L^actides 
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with 47% of glycotide. For the sake of kkivcq- 
ieiKe, PdlLGA 53rt7 0.84. PLCA 80/20 4.8, and 
MLA 2.4 wouki be referred to in the manuscript 
hcte onwaids, as PdJLGA, PLGA, and PdlLA, 
respectively. 

2.2. Prtptmaim o/ polymer films 

Polymer solutions were prepared by dissolving 
the materials in dichlonimeihane at room tempcr- 
otun;. The solution of the drug in the same solvent 
was added to the polymer stHution mi die mixture 
homogenirod by stirring for bouts uader magnetic 
Btiiffng. The rmulting solution was subsequently 
sonicated for 30 rain to achieve complete homog- 
entzalioR. The wet film was allowed lo dry under 
ambient conditions for 24 h, following which, tfie 
diying was continued in a vacuum over at 30 °C, 
for 3 vre^s. Almost complete removal of solvent 
is achieved under these conditions (residual solvent 
less than 0.3% as dcteiinhied by thermogravim- 
ctry). Samples of 40x25 imn dimension and 
thickness 25±5 pm was cut bvm the diy fibn lo 
be subjected lo in vitro degradation and subsequent 
chanwterizatittA. 

2.3i Degradation slwfr 

All films -were put into glass vials (of 60-ml 
capadiy each) and completely submerged in SO ml 
of buffer solution (pH 7.4). Tlie individual vials 
M-iih the films and buffer solution, were capped and 
placed in an incubator, nukintaiited at 37±0.1 "C. 
Kilms were removed at regito intervals, rinsed wilfa 
distilled water to remove deposited salts from 
buffltr, if any, on the film swfaiK, and cbuiKterized 
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wriA lespect to water upiake and u-eighi loss as 



2J.L Water uptsdx 

In 8 typical t«st, the Sim after rinsing with distilletl 
waterway wiped, weighed, and later dried to contiaat 
wdght in order to detecmine the weiglit loss. Water 
uptake wu catculated at each time point using the 
folltwing equMloa; 

where Ifwn and ^n, respectively, are weights of the 
wet weight films measured at tmse /, and iititid weight 
films liefbie immersion. Valu» obtained Sir duplicate 
saoipies were averaged. All weights weie measiued to 
y of (±0.01 mg). 



2J.2. Weight loss 

Polymer weight loss dtiring fllin hydration was 
measured by the changes ia dry weight after 
Jimneisioii fiir specified time petioda. For each such 
test, tluee vials for each sanqile were used and tlie 
nsuh avetagcd. Percent weight toss was computed 
acsording to the Ibllowing ^jutoion: 



% Weight Awf =100 



tf'o - fV, 



where FKo-Hnitial wnght; >f'f-dry weight at tinw, 

2.4. Thtmai analysis 

The DSC data were obtained ihim a single 
heating profile of the ftlms. and thus reflect the 
tbmnttt hisloiy imparted by die Him preparstioa 
process. The glass transition temperature of ^te lUm 
samples wu meenircd using a modulated difTerentisI 
scanning caiarimeter, MDSC"" qjSC 2920, TA 
htstniments, USA), The melting point (Ta^j was 
talcen as Che lemperatutv corresponding to the 
manmuho in the endothermic peak, and the £Jit 
was taken as the area under the some peak. An 
CKOtbennic ctystsllization peak (7*^) soon oAer the 
glass transition step was observed with PILA films. 
The actual heat of fusion ts die difference in the heat 
of fusion and the heat of ciystallizatioo. apfuoximai- 
ing the anKwnt of ctystallinity present in the material 



before expostite to DSC. Pocent ctystallinity was 
cakulaied using die equation: 



where Atff is the enthalpy of fusion, A/f. is the 
enthalpy of cfystallization, and A//? is die theoretical 
enthalpy of ftjsion of 100% ctystalline sample. An 
enthalpy vahie of 93.1 J/g was used for PILA from 
" ![7,I4]. 



2.S. Six exclusion chromatogntptiy (SEC) 

Wciglit average molecular weight (MwX number 
average moleculBr weight (Af,), and molecuhu' weight 
distribution (MWB) of die polymers were determined 
laitig an Agilent series 1100 liquid chromatogniphy 
system. Molecular sveights of samples w»e obtained 
relative to die colibntian curve using polyityiene 
slandants (165-5000 kDa). 



2.6, Scan 



Y (SEM) 



Surface moiphology of Ihe fibns was studied using 
SEM, for evidence of film degradation. SEM was 
perfonned on surface of the samples at different time 
points, for die samples from in vitro dcgradatiot). The 
individual dried fiinis were gold coated (gas pressuic 
of 20 mbar, current of Id raA, and coating time of 75 
s) and the SEM nUcngmphs were observed at 10 kV 
(AS JEOL, model JSM-5410 VL). 

2. 7. Drug release study 



ctysial'fioe films weie obtained at 
dtug cracetibtttions smaller than 2% for lidosak and 
lidobose. No cracks or imperfections were seen on 
ilie film surface prior to the dissolution study as 
indicated by scanning electron microscopy, incoipo- 
ration of dzr^ did not interfere widi the formation 
of hiMnogcneous films; dne oystah were dissolved 
uniformly withm Ihe polymeric mwrix. FUms were 
weighed ond placed inside 60-rol glass vials 
containing 50 ml of phospliate buffer (pH 
which in turn, were tightly capped and placed inside 
the incubator maintained at 37±0.i 'C, Sampics 
were nmovcd from the violi at ptedetenniocd 
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intervals for qtHuttitnive esiimMion of the amount of 
drag (cksiued. in « typist tett, I ml of the dnig 



was replenished witli I ml of fresh bufter solution, 
tnaimain a constant volurne of the release 



The armmnt of drug relea»ed was quantitatively 
estimated using reverse-phase chromatography on 
Agilenrs liquid diromBtogrBphy system. The HPLC 
method tued was as follows: C-18 colitma (4.3x250 
mat), acetonifaile as mobile phase, flow nie of 0.SO 
nd/mln, WKVelngth of dtseetor at 270 tun, and 
iiUection volume of 20 |U. llie retention time for the 
divs (for both bttie sad salt fbn») under dine 
coBditioiu was4.2 min. 



i, Resulu aad discussion 

JJ. Degrvdatktn atmfy 

3.U. Wbur igrtalat t^PtOtGA and PiU. with and 
mthmittbrugi 

Fig. 1 pr^ts the resulu of water i^e for the 
two polymer with and without drug loading, as a 
function of incubation time. TIk water absoiption 
profile for the <bug-fiiee polymer film without any 
drag is dilTerent frwx die iKofile of drag-loaded films 
ofMLGA. Surprisingly, percent water absoiption of 
PdlLOA with lidobase was higbcr as compared to the 
film loaded with lidosali and the diug-free sample, (i 




Fts, I. ChM*c in wMcr tbampiiMiiwoBIc* of NILCA (i«iilg vbA 
w^ia dnis hiding) wUh ttnie («q«) «r iainRiM». 



He. 2. VteiMiw Id pciccM wdBh low |m5lH of FdlLQA (* 
md wlifaoui dni]} wiifa liiiiB ritiqw) immmlda 



was expected dwt the film widi lidosalt would have b 
higher osmotic driving fiwce for water uptake than the 
one with the lidobase. However, another factor 
appears to overwhelm the osmotic efifect, t& disoiaied 
below. 

The second «lep seen in the wato* absotpiion of the 
dmg.frec PdlLGA and PLCA lowled wWt a salt drug 
liu bccQ observed in an earlier study by us [15]; iMa 
is ati.nbuted to a traiuidon ftomi a glany to nibbery 
phase. 

On die other haiid, PILA 4 J7 (with and without 
drug lending] jdtows a dJObreitt pattern (figure atit 
shown): water alMoi|H]on is veiy stew, with less 
than 4% of water uptake after 300 days of 
immersion, for both drug-loaded and drug-free 
samples. Apparentiy, the CDinbination of veiy high 
molecular weight, high crystaliinily and relativdy 
hydrophobic nature of PILA matrix prevents any 
appreciable water uptake, wititin the period of 
investigation in dMS study. 

3.U, Weight loss of MWA and PtLA, and 
without drags 

Fig. 2 presents the results of vreigbt loss profiles 
(with and without drag) of PdlLGA as a function of 
incubation time. The percent mass loss for PdlLGA is 
chancicrizcd by an inuial litg phase whhout appreci- 
able dciecUon of mass toss, followed by a sigmoid 
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iPit widxwi <lnii| towlwg) Willi tune (ikyi) ii 



deoQr of the polymeric nwttix. chaneterisUc of « bulk 
degnidetiiHi (wRem [I0J6), lo the second plUK, the 
rate of weight loss for PdlLQ A loaded whh lidobdK is 
highia- Bs compared to diug-fiee PiflLOA or PdlLGA 
loaded with Hdosalt. ehatoclflined by a loss of 
subatandal mass as aaily as day tti, weU before any 
significant loss is seen in case oTPdlLXjAwilh lidosait 



(day 26) or PdlLQA alone (29 days). This difference 
t» due to the effect of base catalysis (catalytic 
hydrolysis of polyester Unlcage by lidobete) on 
degmdatitw of iha PdlLGA. 

On the other hand, vefy Gnie w^ghi loss was 
regisnred and viitiially no difference was observed 
between the dnig-Ioadcd and dnig-frec umples of 
PJLA 4.37 (figure not shown). 

S.I. 3. SEC analysis of PdlLGA ami PILA, wUk and 
wit/toui drugs 

Fijpt. 3 and 4 present the change in weight 
average molecotar weight of the samples of PdllCA 
and PIIA (with and witbotn dn:^ loadingX as 
function of itnmeffiion tinie. Tlu &st dccieaae in 
d» molecular weight Ibr PdlLOA (Fig. 3) follows an 
exponenliaJ pattern, re|»escntBtive of random chain 
scisiion in balk degtwlation [10.17,18], The mains 
during ihi» phase apparently undergoes the so-called 
first-order degiBdation. As shown in Fig. 3, the 
patieai of degradation of the matrix is different for 
dnig-free and drug-loaded samples. The greater 
effect of lidotase in the degradation late is clearly 
due 10 base cataiysia. While most ofihe deoesse in 
M'v (Fig. 3) Ina occuned continuousty to the 23Ri 
day for lidobaae (40th day for lidosdt and dnig-fiw 
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ftM^dff d«|wlieun ammm gf MILOA: wiih inl wifend 

*»£ ^ 

Fiimwdrj PdlLGA NILOA (mOA 

Pniod (dq*) CMD dayi (MO 

0.0184 0.0218 0.0312 

0.981 0.574 0.M5 



PdlLGA), the real threshold time f« weight loss to 
stttt » 20tlt day (^Stb day for lidosalt «nd 6ng-fnt 
tOMXAx) (Fig. 2). The umplei do t»t rfww any 
spiHeciabte weight loss befbn this tbretbold time 
bcceare not enough teachable oligomets have been 
fonned. 

TJb fim-order degradation constants were calcu- 
lated from a linear r^reaston analysia of die semitog 
plot of in Af^ vs. time as Af»»fle-*'+6 (plot not 
presented). Table 2 lists the eoostants for the firei- 
ordor degradatioii rate of PdlLQA with and wittuna 
dntfi, as obtaitted fiom die alope of the anight line. 

Fig. 4 showa tbe decreaae m weight Bvenwe 
mplecutar weight (A/J of PILA nnUtt with and 
without drugs. The changes in for (bug^loadcd 
saitiptes are faster; the effect is due mostly to 
incteaied water uptake (osmotic effect). 

Tlie talc constants {k) for the firat-order d^i«da> 
tion of PILA with and without drug are obtained as 
above ftom the slope of the straight lines from the 
setnflog plot of In Af, vs. time. The degradntion is 
(he festest for salt-containing lifan in the case of 
PILA {*-0.0O55 day-') compand to fiee PILA 
{(M1.00J9 d^-«) and PILA loaded with base 
(*-O.O028 day-'), especially after day 50. This is 
comitstent with the wster absoiptnn nies, which 
appear to mcmise for the saltHMntaialitt film after 
day 200. 

3,14. Otangt of ^ais ^unsitbm laiipavlufv (TJ of 
the PDdlLCA and PILA, with and without drug 

In contrast to the Tg of PdELGA loaded widi 
lidobaie, die for dmg-firee and lidosalt-loaded 
PdlLQA follow the sbidc patlem (Fig. 5). Before 
immersion in buffoi, both dmg.free and diug-loaded 
samples of PdlLGA have r, valura higher than the 
avenge body tempCTStune (M7 "C). The vaiues 
of the drug-free and Hdosatt-loaded samples of 
PdlLGA Stan to decri»s6 afler about 14 days of 



him«ision. It may be assumed that the T, drop is due 
to a A/„ decrease, to a value below tbe Af,-threihoId 
for constancy of r,. in contrast, r, ofPdtLGA loaded 
wi* lidobase is consUml for 5 days at about 39 "C 
followed by almost linear decrease to reach a value of 
--J3 'C after yo days immenion. Hence, tbe drop in 
Tg is consistent with the significant decrease in M„ of 
PdlLGA loaded with lidobase. From FIga. 2 and 3, we 
may infer thai the critical moleoular wei^ charac- 
lerizcd by the beginning of the drop of the glasa^ 
transition fbr ibis particular material might be brtween 
40 and 50 kDa (W,-vaiue). 

The incorporalioa of drug has no effect on the 
original r, of the PILA. (about 63 T) is much 
higher than the body len^enture and renahts 
unchanged ibr 30 weeks. 

3.U. Change of the degree of crystallmtty tf tfie 
PILA tvUh and without drug 

Interestingly, the DOC of PILA shows different 
parcenis for drug-fite and drug-loaded samples (date 
not shown). Diyg-frcc PILA shows a slight increase 
m the degree of ciystallioity over 300 days. On the 
other bond, samples of PILA loacM with Hdosah 
and lidobiK show tignificut iucrrase in DOC for 
210 days followed fay a dectease. litis effect of 
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drug incorpomtion {followed by buffer imtneinmi}, 
incmniDX the ciystaUinity of «ie m«rix Is ptobaUy 
similar to the obsemtims of btcrease to the 
ciystallinity of drug-free polymer maiifces i^chi 
immenion [19-22]. Initia! degndatton takes plat% 
la the ttnoiphous rcBions, followed by depletion. 
- which increases the overall ci>-stallinity. The second 
dOKe of <iegmd8lioii lakca place through a chain 
selttion ia the ctyilalline domains and is intiiifect»l 
by i decreaw in the overall ciystalliniiy of the 
natiix. 

3J.6. SEhf analysis 

The SEM micrographs of PdlLGA film without 
any drug. PdlLGA loaded with iidoba^ and lidosalt. 
before iininention into buffer, are presented in f ig. 6a~ 
c. Micrograph! of the nuane set of nitns after 
immenioii in buffer and taken otii at Afferent linw 
pointt an presented in Fig. 6d (MLO A after 37 days 
of immersion). Rg, 6c (PdlLGA loaded with Udobote 



and immeised for 30 days) and Fig. 6f (PdlLGA with 
lidosili immetsed for 23 days). 

Theft is appreciabie erosion of the individial 
matrices as okar finom ilie nicrogmplu. The extent of 
erosion is mote vf/pam in the case of diug^loadod 
santplcs and is ^nsMe in ^ fimn of pores and 
blisters on the ample surfiice. It may be noted that 
the micrographs of the original films (before immer- 
sion) show no evidence of drag on the surlace. This 
is because of the lower drug loading (254 w.r.t the 
matrix), which Es wiAin the limit of solubUiiy of die 
drug in the matrix. As diacassed below, this explains 
the absence of the ^miliar butst eSect 

In contrast, the micrographs, of PILA film 
without drug, PILA with tidobase. and PILA with 
lidossh, show smooth surfaces initiidly, and after 42 
weeks of immersion into the buffer (Figures not 
shown), 

In suramaiy, tJie dcgredalion of PdlLGA samples 
(dnig free as well as loaded widi lidobase and lidosalt) 




» believed to be taking place Iflro^gh « science of 
three conseeuth« stepc: 



)I degrsds 



wteriiied 



(1) H}'dration with ti 
by a cortstom g!a 

(2) Further degradBtion occure with e (ieciease of 
the glass transition lemperarure, when the 
decreases below a certain limit. 

(3J At B further degradation stage, the polymer is 
Ainlwr cleaved to amaller moletKikr fingmenis 
(oligooiersX which become water soluble and 



PdlLGA loaded with lidobase thows only two of 
the three steps in the degradation process. Because of 
base catalysis, sUge$ (1) and (2) are merged, i.e., the 
decrease in is m rapjd that the sppem to 



In contrast, the deipadation of PtIA (with and- 
wilhout dmgs) occurs through a v«ay slow increase in 
hydration widt little degiwlation. 

3.2. Drug rekase stuify 

Alt the dnig release tests were carried out in 
triplicate and the results ate presented w avenge. To 
our knowledge, only one report has been published of 
a study of the release bdtavior of the same drug in 
diflferenl fwms [23], Gallagher and Cotrigan [23J 
found that the release of a base dnig (Levamisole) 



g » 
<? 30. 



ftom PdlLOA 50/50 ([V-0.49 g/dl) was about 7-11 
thncsthat of the salt tbnn. 

Our ot^ective in this study was to study the 
effect of (hug basicity, as well as of ciystallinlty at 
companble Afw wid compostttion, w shown in 
Table 3. 

The drug teieose data obtained 6om ihc in viUQ 
release study was analysed far the ivic of retease, 
using the Higucht [24] drug lelease equation ^ven 
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(where MJMw is die ftaction of dnig released. / is 
the release time, and ;t ii a coniiant diaracteristic of 
the system) or a linear relationship: 

A^;7 = ^^' (2) 

for the diffefeiu aages, as explained further below. 

The value of the difliision coefficient, A has been 
calcutaied occoiding to (he leladon: 

where / conrsponds to thickness of film or slab; 
which is valid Km- release of less than 60% of initial 
load, as applied to a monoliihic device coniaiBing the 
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drug [24]. This equation ts tq>pried along with Bj. {!> 
to calculate D. 

Fig. 7 sfaoiira the diug reJeasc ftom PdlLGA u " 
fnction of tbe total loading vs. the immenion time 
in the release mediuin, It is quite clear that the drug 
release behavior of iibase and ltdosalt from the 
natrix are dilFereut Release of lidobase follows a 
two-pbase pattern. On the otber hand, ibe salt 
feltowa a iriphnJc paneni. No iaiM burat eflect 
wu obmved, appareatly becaun of a veiy imall 
4ug-Io8ding (2?«). Foi- Kdobaae, the fm phase is 
diffiHion-wntrolled release starting fhmi ttoy 2 to 
day 12. On the other hand, lldosalt follows a stage 
of diflusion contiolled release starting from day 3 to 
day 11, Diffusion-controlled relMsc from the 
PdlLGA matrix loaded with Jidobase is faster than 
PdlLGA baded wiUi lidosalt due to higher water 
absoiption witli lidobsse (Fig. 1} and (or peifaa]» as 
a ooosequeitee of the water abieiptiDn) a ftater 
decrease of r, (Fig. 5). Ai ifae ond of day 12, the 
releaae of lidobasa iitcieases signlfkantly: thia 
coincides somewhat with the wiset of algnlficnnl 
wei^ loss, seen in Fig. 3. The Klme of iidobase 
is then linear to almost coinplcte (near lOOW) at the 
end of 35 days. TUs apparent IHiear late ooastBiit 
can be cakuihued faun Eq. (2). and it thowa to be 
3.7 day-'. 

In contrast, a second phase of (GfiUsicn ctHttrolled 
release for lidosalt lakes piece between 12 and 30 
days. The diSKtston is slighdy faster in this second 
phase than the first (day 2-11). One exphutation for 
this is difiusion through a swollen rubbeiy phase b9 
more water is imbibed. For PdlLGA &ee of drag and 
PdlLGA loaded with salt, this starts at around day 16 
(Fig. 5J loughiy conre^nding with the higher nte of 
water absorption starting at day 11 (Fig. I). Beyond 



30 days of immersion, significant reicaic of lidosalt is 
regisiered. reaching nearly 100^^ at the end of 40 
d^s. This third slage is similar to the degradation- 
cootnotled stage of the lidobase-toaded PLOA (with 
an appmia rate constant of 5.3 day"') and nros 
paralle! to the weight loss phase seer around day 30 
for the lidosalt (Fig. 2). The djug releaae path in Oiis 
final stage is most likely througli the water chenaels 
created by the leached-out oligonwrs. 

As repoiTcd here, the release pattern of liddbase 
and lidosalt from the matrix of PdlLGA shows: 

- The ditig as a salt can be sustained in the matrix 
&r toi^ time than its base counterpati. 

- The fliat stage of dHIustan controlled release (up 
to day 12) is similar ibr boii drugs. However, flie 
lidobase difiuset ftster thim lidosatt due lilaly to a ' 
highta- water absoiption rale (leading io a lower T. 
matrix). 

- Only the lidosalt-loaded sample shows a second 
diffimon phase, and it ocojts between days 12- 
30. vnth a slightly faster diffusion rate, This is due 
to diffinkm thmtgh a robbeiy phase, Degntdaiion 
acts hi prior to the observatiofl of this second 
diffusion phase for Ae lidobase-loaded matrix. 
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The diflusion coetncienis (D) of Udobase and Hdosatt 
ftom PdlLGA mitrix, as obtuned from plots of 
Btnount of drag retease vs. square toot of leleate time 
in PBS 7.4, The dirftision coeOiciem was not 
calculated for the lasi phase of release because thai 
phase is dejiradattCHi-contralled, 

The relative magnitudes of Z> in the two stages (for 
lidosait) are about what would be expected of 
dtihision through a swollen g^sy and a swoUett 
nibbeiy polymer CHible 4). 

Pig. 8 ploti die drug nlnae fnmt PlLA 4.37 
malriji, as Ihntion of the totel loadiitg with the 
imnemion time in the releaae medinin. In coninut 
to PdlLOA, where the base reteases fh»ter tfian (be lait 
due to a higher degmdaiicm nte of the dnig-loaded 
matrix, PILA does not show significant level of matrix 
degradattoa The dnig release, therefore, is controlled 
by simple diEAiBion dirougfa the amorphous regions of 
the semicrystaUine polymer and the more soluble drug 
(salt) difluaes Guter than the hydrophobic baae fonn. 

As described above, the fiiatofdar nks oonsiun {k) 
of the ideaae pncoR and the diiBakMii coefficient of 
the d(^g8 ftom the matrix were esicufaded. The vahira 
of flie difflwion coefficient D are, 4.29 E-14 and 6.95 
E-M cm* for PILA loaded with Jidosalt imd 
Ndobase, respectively. Hie magttitude of the dimision 
coefBcient as r^oried here is in agreement with (hose 
repfflfted for a medium-W» drug from a completely 
glassy matrix as described by Baker (24]. 

Fig. 9 shows die effect of malrix compo^iion (at 
coropareWc AT,) on release rate pad ems. Udobase 
reletse fhnn matrices of PILA 4J7 and PLOA 80/20 



0, L_ 




» ftmi PILA 4J7 wrnt riQA 4.1 M 



Fi». 10. Mem oriidcibue (torn IMllA :.4 (») wd lUA 2.04 <•), 
u s fitMlon ofidcHe drae: ettect ormMrix oyHvltinlly m dnm 



4.8 are oompeied Release oflidobase from PLOA 80/ 
20 4.8 is (^cterized by a dimtsion phase of 80 days 
in contn^ to 250 days for the PILA. Degraduion- 
controiled release is not observed for either polymer 
in this time frame. The fust-order drug release 
constant (*) and the diffusion coefficient {£>) for the 
release oflidobase from PILA 4.37 and PLGA 80/20 
4,8 are 0-6.95 E-14 and Z>-3. 1 1 B-H, respectively. It 
tan be clearty seen that the effect of composition 
plays a majtu- role on the difliaion rate of the drug 
through lite polymer llhn. 

In Pig. iO. wo show llic ^fhet of crysttlliniiy 
difTcienccs only (at comparable composition and 
on lididiase release rates, using matrices of PILA 2.04 
and PtMLA 2.4. The results of kinetic analysis show 
values of 0=3.84 E-14 and D^2J E-11, respectively, 
for PILA 2.04 and PdlLA 2.4. U is evident that the 
amorphous PdlLA has a Z) value that is about three 
oitlcra of magnitude higher than that the crystalline 
PILA. Moreover, the PdlLA matrix exbibitt a two- 
ptttse release pauem for lidobtse over a petiod of 250 
days (due lo degiadation vtSeeOt), in contrast to the 
single-phase behaviour for PLLA. 

TTie glass tiansitiOffl tempcraiarcs of both PdlLA 
2.4 and PILA 2,04 are much higher than the test 
"lire of 37 'C. The amoiphouc phases of 
matrices are therefore in the glassy state, 
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» tt» (KOfercnce in D vtdues reflect the rote of 
oywifliniiy ahnw (50% vi. 0%). It is interesting lo 
note that the diOusion coefficient of the PILA 2.04 
(Dr3.84 E-14 cm^ s"') is hajf erf PILA 4,37 
(£)=6.95 E-14 cm^ $"'). This may not be nuprising 
especially when considered in light of Ihe ftct that 
PILA IM has distinctly higher dc^ne of ciystiU- 
linity as compated to PILA 4.37 (S0% vs. 40?4, 
icqMclively). 

3J,L Qmparism ct Udobase release for oil 
potymen 

If we cxanrioe diffitnon-contR^led stages of diug 
release for aU tlie potymets. in a Utde moN dciaii, a 
definite trend emerges. Shown t»h>w ate the cali»> 
lated values for the difTusion eoefftcitnli, wing 
lidobase as the dififusutt: 



Polyiwr PILA MILA PLGA PLC/ . 

t> J.1HE-)4 «.ME-K 2.7£-iI J.IIE^ll l.59&B^I0 

VrO 70 o 4g in 40 
* r,viki«i i» meumi for the <by polymen. 

In general, the magnitude of the diffusion 
coeOicient cutielates inveisely with the magnitude 
of measured For PILA 4.37 and PILA 2,04. 
which absotti very little water (the measuied of 
the dry polyrao' should be subttantinlly the same as 
the polymer imrocised in buHerX the values of D 
nfieet difiiisioB through a glassy phase. For FdU.A 
and PLGA 80«0. which do alHM»b a little bit mow 
water (and hence have T, values lowered for the 
wet flltns), (he D vaiues represent diffusion through 
a swolleD glassy polymer, or perhaps e nibbeiy 
polymer cIdm to it> r, (at 37 "Q. In the case of 
PLGA 53M7, which absoibs eonsidenbiy mow 
water, the wet polyonr will have a T, below 37 
'C, and hence, the measured D u .repreaentalive of 
diflijsion tbiDUgh a nibbeiy phase. 



4, Concluiions 

In the literattire, it is generally accepted that the 
mte of dnig release from btoerodiUe po^mers cnt 
be both difiEiisiaDHwmmlted and degndatioB-con- 



trotled. The drug release profile is thus generally 
accepted to be biphasic, showing these two mecha- 
nisms. However, when pc^mer and dnig variables 
are Changed, the profile deviates from the expected 
biphKie. dtte to the combined (and sometimes 
oppcniDg) effects of these variables on degradation 
and water absorptitm. 

In our BhJdy, we fmd that the effect of the 
chcmisuy of the drug on the matrix degndation 
dominates the release pattern, by influencing the rate 
of degradation as well as the rate of water 
absorption, Contrary to other r^rted work, we do 
not find an effect of comj^xation of cartoxylic end 
j^ups by base, leading to slower leleaae of the bate 
*ug. We beKeve that the reponed compleution 
cfiectt o«air when dealmg with low-JV, PILAs and 
copolymers, as the concoBtraliofl of end groups is 
fairly high in low-A/» polymers. In our work, we 
demoiatnte that the presence of iidobaso accelerates 
the hydrolysis of polyester links via a base-catalyzed 
reaction, and that this effect dominates any other 
cisnplexation effects. In addition, we believe we 
have shown that the mam effect of the neutral fbim 
of the drug (on de^radatkm) is ihnni^ its effect on 
water absmption ntle, due piinwily to m oanotk 
effect. We also find the effect of ctystallioity to be 
in OTntradictioo to some of the earlier works, which 
show an cnhaacement of release rate with higher 
initial crystallinity. We find the opposite effect in all 
the polymers studied io date. We believe this 
comadictioa may be nooneiled by (be fict thel 
we have intentionally kept the drag concenintion 
well below iaturation limits, and lonie of the earlier 
reports of enhanced release with increased ciystal- 
iinity may be attributed solely to drug de-solvwion, 
)ead>>« 10 a leociting-out of drug crygials, 

fvm the above resuhi^ we ventuie some gaieial< 
izations regatding nlease pntems 6om PLA and 
PLQA polymen: 

(a) Where the rtlease is controlled solely by 
diffiislon. higher r, rad higher eiysttilUiiity 
decease rdease mtes. 

(b) The lAenusuy of the dnig determines whether 
we observe a biphasic or more complex profile, 
in degrading s>stems: specifically, base drugs 
lead w biphasic profiles, whereas neolisl drugs 
ntay promote % triphaaic petiem. 
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(e) The imlecutvwdgbtofthe polymer Risypby a 
significrat lote in deteminiiig whedKr the bate 
drug acts u a catalyn or a completing a^ent 

Predictions of ovewll diug reicusc irofilcs must 
take into account ihc basic or acidic nature of the 
drag, as it affects degmiattoo, as well as osmoric 
effect?, which deterauK the iMe of wMer absoip^ 
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